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ABSTRACT

Numerous methods have been proposed for testing the hypothesis
of zero three-factor interaction in contingency tables. These methods
are incorporated into a single computer program which is designed to
calculate the test statistic by any or all of the proposed techniques,
and which also provides estimators of the interactions and correspond-
ing two-sided confidence intervals. The program is written in FORTRAN
63 for the CDC-3600 computer, and will analyze interactions in contingency

tables of dimensions 2<r<5, 2<s<5, 2<t<16, for r<s<t.
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COMPUTER ANALYSIS OF THREE-FACTOR INTERACTIONS
IN CONTINGENCY TABLES

Marvin A, Kastenbaum and Dennis Kuba

1. Introduction

The analysis of three-factor interactions in contingency tables has been the
subject of numerous recent papers culminating with the admirably lucid treatment
and summary given by Goodman [15]. This series of papers begins with one by
Kastenbaum and Lamphiear [ 8] in which the authors present an iterative technique
for solving (r-=1)(s-1)(t-1) simultaneous fourth-degree equations. These equa-
tions result from an extension Bartlett's [2] test of zero interaction in a 2X2X2
table to the general three-way (rXsXt) table as presented by Roy and Kastenbaum
[6]. Subsequent authors [10, 11, 12, 13, 14, 15] have proposed alternative tech-
niques of analysis, each progressively simpler than the preceding one, but all
testing the same hypothesis. In every case; the test statistic is distributed
asymptotically as chi-square with (r-1)(s-l)(t-1) degrees of freedom.

It is the purpose of this paper to describe a computer program which has been
designed to calculate the test statistic by any or all of the proposed techniques.
This program also provides the estimates of interaction and corresponding simul-
taneous confidence intervals given by Goodman [15]. The program was written
in FORTRAN 63 for the CDC-3600 computer, and will do analyses on contingency
tables of dimensions 2<r<5, 2 <s<5,2<t<1l6, for r<s<t . [Appendix].

2, Tests of Hypotheses

Let n,. be the number of observations in the ith row, jth column, and

jk
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kth layer of a three-way contingency such that Z, Z Z Dk =M the total
: i=l j=1 k=1
sample size. Denote by 0 < II1 ik <1 the corresponding probability where
r s t
Z Z I, =1 . Also define the following relationships:
ijk
=] j=lk=
) ) )
n , N 5 n, =n .
a1 ijk gk’ o ijk Lk T ik ije
r s r t s t
L Lnyge=n o L Lon oL Ly :
i=1 j=1 ik K i=l k=l j=l k=1 §

with similar relationships for the nijk' s . The hypothesis of zero three-factor

interaction in an rXsXt contingency table is given by:

- I:Irsk I:Iijk _ Irllrst I:Iijt e
isk "rjk ist "rjt
for all integers i,j,k suchthat 1<i<r, 1<j<s,l<k«<t .
2.1. Kastenbaum and Lamphiear [ 8]
For the rXsXt table, Kastenbaum and Lamphiear generalized an iterative
technique proposed by Norton [ 4] for handling the simultaneous fourth-degree
equations which arise in the estimation prccess. Under the null hypothesis ( 2.1),

estimates of the parameters may be achieved by first solving for all xijk in the

following systems of equations:

r-1 s-1 r:‘ls-l

ié Z_, g Py "Xk e L jzﬂxijt)(nijt-xijt)

L=l — - =L ——— , (2L}
g’ ijk leijk) n, t+z xijt it +1=1xijt)

for all positive integers i <r, j <s, and k <t, and subject to the constraints
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t-1
k-lxijk = —xijt for all positive integers i <r and j< s . Let Vijk be the
values of xijk which satisfy (2.1.1) for all integers 1 <i<r,i<j<s ,

and 1< k<t . Then
r s t
:izi L: 2;’ ) (2.1.2)

is distributed asymptotically as chi-square with (r-1)(s-1)(t-}) degrees of
freedom.

The program solves equations (2.1.1) by applying Newton' s method of func-
tional iteration to a technique proposed by Norton [4] , and computes the value of
the test statistic (2.1.2). It then prints out the number of iterations, the number
of degrees of freedom, *he value of the test statistic, and the observed and ex-
pected cell frequencies, with identification for all the cells in the contingency table.

A samplec print-out is given in Table l.

2. 2. Darroch [10]
An alternative solution to equations ( 2.1.1) is given by Darroch. This
method involves the iterative solution for ij, i and ”"n in the following

(rs + rt + st) simultaneous non-linear equations:

n oy r
-—]—n = 6jk,2-’ Pt ¥ (2.2.1)
i=l
ik <
=g L by 8 (2.2.2)
j=1
ni. t.‘
-—l—n = 4y ), ik P (2.2.3)
k=l
The iteration begins by setting Ppi = <p§<1) = 1 /n K and Lpij (l) /n

gt 2

k jk , then in equation (2.2.2) let

in equation (2.2.1) and solving for §,

%636 -3-



_ (1 _(2) - (2)
g, = ¢ and 6,, = 6 and solve for ¢ki Cpi ° In equation (2. 2.3), let

ij ij jk =~ ik

5 ( 2) = (2) _ (2

%k = Sk and ¢, = ¢, and solve for LT Then return to equation
; _ (2) _(2) (3) )

(2.2.1), letting Pii = Pki and Lpij = L|J.j , and solve for ij jk . Con

(m) (m=1) (m) _ (ml)

¢ij ij jk , and

tinue the iteration in this way until \p

:(;n) ¢:<m e to five decimal places for all positive integers i <r, j<s, k<t .

At this point calculate

L T (m) (m) (m)]Z/ a(m) f(;n)q{jm) . (2. 2. 4)
k=1

nt&fm

Nk "k Pki Wi

Darroch has shown that this test statistic is distributed asymptotically as chi-

square with (r-1)(s-1)(t-1) degrees of freedom. Moreover ( 2.2.4) and ( 2. 1. 2)

are algebraically identical.

The program solves equations (2.2.1), (2.2.2), and (2.2.3), and computes
the value of the test statistic (2. 2.4). The print-out is identical to that of Table 1,
except that the number of itcrations is generally smaller. In this sense, the

Darroch procedure is superior to the Kastenbaum=-Lamphiear procedure.

2. 3. Plackett [11]

Let © 4k * nijk/ n , be the conditional probability that an observation will
fall in the ith row and jth column, given that it is in the kth layer. It follows

that the null hypothesis,( 2.1} may be rewritten as

Ho: Aijk=A1jt (2.3.1)

l<i<r,l<k< = s '
for all integers 1<i<r, 1< k<t, where Ak erskeijk/eiskerjk Using
a criterion suggested by Woolf [ 5], Plackett presents a procedure for testing a

null hypothesis equivalent to (2. 3.1), namely

HO: rijk = I‘ijt (2.3.2)
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for all integers 1 <i<r, 1 <j<s, 1< k<t, where 1‘ijk = log Aij}' . This

procedure is based on the fact that the maximum likelihood estimator of log Aijk

i = 11 i l<ixk 1< j«
is log dijk’ where dijk nijknrsk/nisknrjk for all integers <i<r,l<j<s,

1 < k <t . Moreover the variance of log dij may be estimated consistently by

k

1 1 1 1
Yik Tn ¥ n ks T ’
1 ijk rsk isk rjk

If R and S are two matrices of order (r=1) Xr and (s-l1) X s respectively
with rows orthogonal to each other and to the unit vector, then the direct product,
[R*S], is a matrix with (r-1)(s-1) rows and rs columns. The elements of
each row of this matrix provide the coefficients of a linear combination of the
logarithm of the frequencies in the kth layer of the contingency table. More
specifically, the matrices R and S are formed as follows:

J'l forl<i<e,
R={pai}= ~a fori=a+l,

0 fori>a+l, where 1<i<r, 1<a<r, and
(1 fori<j<p,
S={crpj}=<-[3 forj=p+1,

0 j>p+1, where 1<j<s, 1<B<s

-~

Then for each positive integer k <t, a column vector z is generated from the

k,
product of the (r-1)(s-1)Xrs matrix [R*S] with the rs X1 vector {log nijk} .
The elements of z, are
r s
Zk‘*ﬁziél £, Pai” py log nyyp - Le )

The asymptotic distribution of z, = {z aﬁ} is multivariate normal, with dis-

k
persion matrix

-1 I
= * *
V, = [R*8] Dijk[R s] ,

#636 =5=
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where D;I is a square matrix of order rs with elements {n L } on the diagonal
ijk ijk
and zeros elsewhere. The elements of Vk are
r s
Cov| zkaﬁ’ Y ﬁ'] = 12.11 121 Poi Pa'y Uﬁj T g j/nijk . (2.3.4)

for all positive integers a, @' <r and B, p'<s . If zi( denotes the transpose

of z and V'-1 the inverse of V then on the hypothesis of zero three-factor

k’ k k’
interaction, (2.3.2), the statistic
t t t t
2\ -1 = =1 =l e =l
Yo=) 2 Viz =) 2 Vo L), Vi1, Veoz,] ( 2. 3. 5)
Kol k 'k k k2l K k Ko k Kol k 'k

is distributed asymptotically as chi-square with (r-l)(s-1)(t-1) degrees of

freedom.

This portion of the program computes the elements of all the vectors zk and

of their associated dispersion matrices Vk from formulas (2.3.3) and ( 2. 3. 4)
for all integers 1 < k <t . To evaluate the test statistic, (2.3.5), (t+1) square

matrices of order (r-1)(s-1) are inverted. The print-out, Table 2, displays all the
vectois 2, ?nd their associated dispersion matrices Vk for all integers l<k<t ;
2 -1 -

t -1.-1t -1
and kz=1Lk =l?=lz;< Vk Z P =[k2=lvk s ]:2=1 zi( Vk » as well as the value of the test

Al

statistic, (2.3.5), and the number of degrees of freedom.

2.4, Goodman [14, 15]

The approach suggested by Goodman modifies Plackett's method for testing
the null hypothesis ( 2. 3. 2) by redefining the two matrices R and S as follows:

1 for i=a ,
} = -1 {0 G S

G elsewhere, where l1<i<r,1<a<r, and

G #636
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H

1 for j
S:{Uﬁj}: -1 for j

0 elsewhere, where 1< j<s,1<pB<s

p

]

"

As in Plackett's method, column vectors 9y = {gkap} are generated, where

r s
'S [ ] 20 -
Ieap = =D e 5 logn ) (2.4.1)
i=l j=1
The asymptotic distribution of each Iy is multivariate normal with dispersion

matrix Uk’ whose elements are

r s
Cov[gkap, CI [3‘ 1%1 JZ;I i ° ﬁ'j/nijk (2.4.2)

for all positive integers a,a'<s ., If U;l = Mk’ Q= [Z Mk]-ly and

g =) M, g, then the statistic
k=l k 7k

t
L M, g, -9"' Qg (2.4.3)

is distributed asymptotically as chi-square with (r-1)(s-1)(t-1) degrees of
freedom. Moreover, expressions (2.35) and ( 2. 4. 3) are identical.

Except for the new definitions of the matrices R and S, the computational
procedure using either Plackett's or Goodman's methods appear to be identical.
In both methods it is necessary to invert (t + 1) matrices of order (r-1)(s-l) .
However, Goodman makes a significant contribution, at this point, by d:mon-
strating that only one (r-1)(s-l) matrix and t matrices of order (r-1), for
r < s, need to be inverted in calculating the test statistic ( 2. 4.3). The re-
duction in computing time which results from this modified proccdure may be

appreciable. The calculations are carried out as follows:

#636 -7
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(1)

(i1)

For every integer k, 1< k <t, define the (r-1) X(r-1) matrices

(k) 1
B =D - {n, Hn _ )},
nisk n. <k isk” "isk
(k)
B, ' =D {n }n 1},
j nijk n.jk ijk ijk
where D and D are (r-1)X (r-1) diagonal matrices with
n, n
isk ijk
]
elements Nk and nijk respectively, and where {nisk} and

{nijk}' are the respective transposes of the (r-1) X1 column vectors

{nisk} and {nijk}’ for integers 1<i<r, and 1<j<s .

s=1
Evaluate c'X) = (¥ 4 Z gl k)

.
(k) =
inverse G', l<kg<t .

, an (r=-1)X(r-1) matrix, and its

(iii) Construct the submatrices

(iv) For every k, 1 < k <'t, form the square matrix M

¥ _ gk (M) ()
(k) _ ’ j
i -8} g} 5l

for j =3' =1,2,.00,8-1 ,

M
for j#j'

of order (r-1)(s-1)

(k)
1’

k

in equation ( 2. 4. 3) from the (s-1) 2 submatrices M each of order

(r-1) X(r-1) .

(v) Evaluate the test statistic using equation(2. 4. 3) .

The print-out ( Table 3), for this section of the program displays all the

vectors gk, their associated dispersion matrices Uk’ and

t

t

E—lHk =kzlg1"‘ Mk Ips Q, §', as well as the valuc of the test statistic,

(2.4.3), and the number of degrces of freedom.

#636
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2.5. Goodman [15]: The 2 X 2 Xt Contingency Table

For the three-way contingency table with r = 2 rows, s =2 columns, and
t > 2 layers, Goodman proposes three alternative test statistics. Two of these
are based on an analysis of the cell frequencies, and the third, which is a special
case of the procedure discussed in section 2.4, is based on an analysis of the

log-frequencies.

n n
(i) Define dk=r';'1"l-}'<-n—2-2—k, uk:nl G L i L + L 5 Vk:diuk 3
12k 21k 1k "22x "2k "2l
and wkzl/vk , l<k<t . Then
t t t
2 2 \ 2,0
X“=),dlw, -[), dw]1/) w (2.5.1)
= L A LS L =

is distributed asymptotically as chi-square with (t-1) degrees of freedom.
Equation ( 2.5.1) may be used to test the hypothesis of zero three-factor inter-

action which, in the 2 X 2 Xt table may be specified as

- Y)

H.: = 2<kgt . (2.5.2)
O Moo Mok Mok
Equation ( 2. 5. 2) may be rewritten as
. = 2< k<
HO' A1 Ak, <k<t, (2.5.3)

M Mook Bk ®2ak
ko e Mo ©12k 2k

where A

is a measure of the two factor interaction in the kth layer of the table. The

maximum likelihood estimator of Ak is dk’ and its variance can be estimated

consistently by Ve e
Moreover, Goodman points out that this null hypothesis may be partitioned into
the following (t-1) sub-hypotheses:

#636 -0



A, =A_ (given that A1=A2)

H.: A =A4 (giventhat A, =A_=A (2.5, 4)

1 2 3)

=At (given that A1=A ="'=At-1) .

2

Each of these sub-hypotheses Hk (1 < k <t) can be tested using a single de-

gree of freedom as follows:

n,. n
Define d - Ay 22y 1< y<k

M2yM2ly

’

and corresponding quantities u , v, and w_ . Let d Z, d w /Z
Yoy Y vl Y Y §h "y

. k
A
and vk = I/Z WY . Thentotest E l1 < k<t, in equation (2. 5 4) compute

’

y=1 ;
X2 = [d,  -d 13/(ve ., + v 2.5.5)
k = U941 7% k1t Vid (2.5.

N w2 2

The sum, L Xk is equal to X given by (2.5.1).
k=1
When Hk is true, (2.5.5) is distributed asymptotically as chi-square with

one degree of freedom. Also when H0 is true, each of the (k-1) statistics

2
Xk will have asymptotically independent chi-square distributions each with one

degree of freedom.

- L = b2 L
(ii) Let bk-d /| ak—bkuk, hk-a y 1l<k<t,
k k
b =a'L, a =b3uy, h =al, l<y<k,
Y e W A
k k
% =N
b, = L, bth/Z h, and a_=1/), h
y=1 =1 y=1

-10- #636



Here b, is the maximum likelihood estimate of 1/a and its variance can be

k

estimated consistently by a

k’

Ko When the null hypothesis ( 2. 5. 3) is true
t it t

2 2 : 2 ,%

z°= ), b.h =[), b h1%/), b (2.5.6)
e UL e P e

is distributed asymptotically as chi-square with (t-1) degrees of freedom. Tests

of Hk (1< k <t) in equation (2.5.4) are given by

2 .2 sk ,
Zk-[bk_l_l-bk] /[ak+l+ak] {2.5.7)
which, when Hk is true, is distributed asymptotically as chi-square with one
t-1
degree of freedom. Also 2.: Zi = Z2 .
k=l
(iii) Let gkzlog d, mk=1/uk, l<k<t,
= log d m =1/u l<y<k
g =logd, m_ /Y, <v<k,
s k k * k\
gkzz'g,m /Z,m, and uk=l/Lm .
VY Y e
Here g, is the maximum likelihood estimate of L= log A1 and its variance

can be estimated consistently by up . The null hypothesis, (2.5.3), becomes

H:I =T for 2<k<t . (2.5.8)

=
[\
n
g
Q
~N

t t
: 2
m -[Lgm]/z, m (2.5.9)
ko fm B K Tk

is distributed asymptotically as chi-square with (t-l) degrees of freedom. This
statistic, (2.5.9), is the special form which equation (2. 4. 3) takes when r = 2

and s =2 . Tests of hypotheses analogous to (2.5. 4) involving the log-frequencies

are given by

#636 -11-




*_ 2 *

foreveryinteger k, 1< k <t, which, when Hk is true, isdistributed asymptotically

A 2
as chi-square with one degree of freedom. Also, Z Yk =Y . Moreover, when
Hk is true, Yi and Zi are asymptotically equivalent to Xk 5
This portion of the program computes all the test statistics given by equations

(2.5.1), (2.5.5), (2.5.6), (2.5.7), (2.5.9) and (2.5.10). The print aut,

displayed in Table 4, gives values of dk’ Vi bk’ s 9ps and Uy for 1<k<t ,

and Xk’ Zi, and Yi for 1<k <t . In addition, the program computes and
t-1
‘ 2
displays the values X 2, Xk’ Z, Zk ) o Y, , and the number of

degrees of freedom.
2.6. Kullback, Kupperman, and Ku [12,13]

The procedures outlined by Plackett [11] and Goodman [ 14,15] for testing the
hypothesis of zero three-factor interaction, (2.1), are primarily generalizations
of a method proposed by Woolf [ 5] in which the test criterion is based on a logit
transformation of the data. This test criterion is one alternative to the Pearson
[1] chi-square test of goodness of fit. Another alternative is the likelihood-
ratio test criterion proposed by Wilks [ 3], and investigated by Woolf [ 7] and
Kullback, Kupperman, and Ku [12,13].

Kullback, Kupperman, and Ku resort to an information theory approach and
define a minimum discrimination information statistic [M.D.I.S.]. This statistic
is distributed asymptotically as chi-square under the null hypothesis, and as

noncentral chi-square under the alternative hypothesis, with appropriate degrees

-l2- 4636
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of freedom and noncentrality parameter. It has additive properties in the sense
that it can be analyzed into several additive components for a hypothesis which

is equivalent to the combination of several hypotheses of interest. Each such
component of the M. D.I.S. is itself an M.D.1.S., and is distributed asymptotic-
ally as chi-square with appropriate degrees of freedom. Moreover, the M. D.I.S.
has the convexity property which is useful in finding other M. D.I.S. under certain
restrictions and groupings. In particular, for nonnegative real numbers ai and

bi’ this property yields

n n n n
), a In(a/b) > () a) In() a/), b) . (2.6.1)
] i i’"i ) i . i, i
i=l izl i=1 i=l
a a, a
Equality holds if and only if — =— =... = i
bl b2 bn

In the r X s Xt table, the criterion for testing HO’ (2.1), is given by

t n,,,n, n  n
L N ijK lee ojs ssK (2.6.2)
| kel 1Jk nn

N
o
TZn

n
]_ J ljnnlok o]k

This statistic is distributed asymptotically as chi-square with (r-1)(s-1)(t-1)
degrees of freedom. In any specific example the convexity propert; may not hold.
This may result in a negative value for ( 2.6.2), in which case Kullback, Kupperman

and Ku [12, pp. 225-226] recommend one of the following alternative analyses of

the data:

#636 -13-
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row=-layer interaction with column

r s t n,.n vy
T, S A )
'= : : 10 ch 1 k
g
where y = n, n _/n. ;
.k =1 Iy P S 1S

column-layer interaction with row

n,. . n, Yo
‘&n"‘ nﬂk (2.6.4)
ij. ik .k

II L\/ﬁ
]

where y.J :%1 n, n k/ni ;
row-column interaction with layer
r s n,..n Y,.
E Z Z n log llkn..knilo (2.6.5)
i=l j=1 k=l .jk i.k
t
where yi.. = ];_1 ik jk/ k

The program computes the M.D.I.S. test statistics using equations (2.6. 2),
(2.6.3), (2.6.4), and (2.6.5), and prints out the corresponding values of 2l as
well as the number of degrees of freedom.

3. Confidence Intervals

Of all the papers on the subject of three-factor interaction in contingency
tables, only Goodman's [15] deals with the problem of estimation. Indeed, the
final section of this paper is devoted exclusively to a discussion of methods for
estimating the magnitude of the three-factor interaction, and for obtaining con-

fidence limits for it.

#636 -14-



Let

1 ik bck 1]d (3.1)
1bjckd *
b)k 1ck bjd

be the measure of a particular three-factor interaction for all integers 1<i<b<r,
l1<j<c<s, and 1< k<d <t . Depending on the values of b, ¢, andd ,
there can be as many as (;)(;)(tz) such three-factor interactions in an

r Xs Xt contingency table. In particular, for b=r, c =s, d =t, there are

(r-1)(s=1)(t-1) interactions of the form

Biske = Tigk = Tyje = 109(8 5, /8.
= log 1 ik rsk i]t rs (3.2)
rjk isk rjt ist
The maximum likelihood estimator of A, ibjckd is
Mijk "bek ijd "bed 15,55
lede n ’ :

b)k ick bjd icd
and its variance is estimated consistently by

2

Sibjckd = Yibjck ¥ Yibjed (3.4)
1 1 1 1
where u = # + + . .
ibjck nijk Nock  Mick nbjk

Using these definitions, Goodman proposes three alternative sets of approximate

two-sided confidence intervals for A . :
ibjckd
aibjckd - XT( P) Sibjc‘:'_x ’ (3.6)

#636 -15-



where x;( P) is the [P X 100]Jth percentile of the chi-square distribution with

T = (r-1) (s-1)(t-1) degrees of freedom;

3, 7
3ipickd ¥ X1 P Sipjeka 37
where xl( P) is the [IZ—P X 100]th percentile of the standardized normal dis-

tribution; and for a specified subset of interactions, A(W) 3

a + <I>W(P)S (3.8)

(w) ?

(w)

where, for any (b,c,d), w = (b-1)(c-1)(d-1) is the number of elements in the
subset (w) = (ibjckd); and

W =W(B,C,D) =), ), ), (b=l)(c-1)(d-1) |,
beBceCdeD

where B,C, and D are subsets of the sets of integers Ir’ Is’ It such that

s
DI =12,3...,t} ;
2W-=1+4P , . .
and QW( P) 1is the (——2-,\/-\/— X 100) percentile of the standardized normal dis-

tribution. It follows that 1< w < W < (;) ( g) (g_) . In particular, for the sub-
set (w) = (irjskt), w =W =T = (r-1)(s-1)(t-1), and the intervals ( 3. 8)
become

=*=<I>T(P)S, (3.9)

a, . .
irjskt irjskt ?

-16- #636



2T -1+P

>T X 100)th percentile of the standardized normal

where @T( P) is the (
distribution.

In the final paragraph of his paper, Goodman [15] discusses the relative
merits of the three alternative sets of confidence intervals (3.6), (3.7), and
(3.8). His remarks may be summarized as follows:

(i) If any of the intervals (3.6) do not include zero, the null hypothesis,
(2.3.2), will be rejected at a significance level (1-P), when tested using
( 2.4.3).

(ii) When a specific set of W three-factor interactions is of interest,

Ws(;)(z)(t?_), T >1, and when the usual values of P, [P = .95 or.99] ,

are used, (3.8) will yield smaller confidence intervals than ( 3.6).

s,,t

(iii) The probability is ( approximately) at least P that all the (rz) ( 2)(2)

intervals ( 3.6) include the corresponding true values. That is to say, the

t

> ) confidence

probability is ( approximately) at least P that all the (;)(;)(
statements associated with ( 3.6) are correct.

(iv) The length of the confidence interval will be reduced if ( 3.7) is used
in place of (3.6). However, the probability that all the confidence statements
are correct will also be reduced. The expected proportion of correct confidence
statements of type ( 3. 7) will be approximately P .

(v) To insure that all confidence statements are correct, with probability
( approximately) at least P, wuse form (3.6). If it suffices to insure that the

expected proportion of correct confidence statements is P, then (3.7) should

replace (3.6).
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(vi) The same consequences will result when intervals ( 3.7) are used in
place of intervals ( 3. 8).

For a prescribed set of integers (b,c,d), and for all (i, j, k) in the range
l<i<b<r l<j<c<s,l< k<d<t, thisportion of the program calculates
the estimates of interaction and their estimated variances using equations ( 3. 3)
and (3. 4). Moreover, it evaluates the three alternative sets of approximate
two-sided confidence intervals given by equations (3.6), (3.7), and (3.8), for
values of P =0.95 and 0.99. Values of x;( P) in (3.6) are calculated using

the Fisher-Cornish [ 9] approximation.

Finally, the program is designed to transform the estimates of interaction and
the corresponding confidence intervals to their original scale by taking the anti-

logarithm of each of the computed values. The results of these calculations are

displayed in logarithmic units in Table 5.
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Appendix

Program HYPOINT



PROGRAM HYPOINT
CUMMUON/ALL/UB5(400) s IDENT(10) 9 IRsJS9KTyNDEGREES s INPUT»CUTPLUT
COMMON/FLAGS/OPTION(10) sLOGFLAG
TYDE INTEGER OPTION
TYPE INTEGER QUTPUT
INPUT=60
OUTPUT =61

10 CALL READIN
IF(OPTION(1)4EGe0) GO TO 20
CALL XASTENBM

20 IF(OPTION(2)+0PTION(3)45040) GO TO 30
CALL DARROCH

30 IF(OPTION(4)eEQe0) GC TO 40
CALL PLACKETT

40 IF(OPTIONI(S)eEQe0) GO TO 50
CALL GOOCMANI

50 IF(OPTINONI(K)eF06e0) »AC TO 60
CALL GOODMAN?2

60 IF(OPTICNI(T7)eEGe0) GO TO 7n
CALL TwOBYTaAU

70 IF(OPTICON(8)ec2e0) GO TC 80
CALL KKK

B0 IF(OPTION(3)eEGSO) GO TO 90
LOGFLAG=1

CALL INTRVALS
90 IF(CPTICN(10).ECeU) GO TO 100
LOGFLAG=0
CALL INTRVALS
100 GC Tn 10
SND
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SUBROUTINE KASTENBEM
COMMON/ZALLZUB5(6400) s IDENT(10) 9IR9JSIKTINDEGREES» INPUTsCSUTPUT
DIMENSION £XP{400)sBIJ(16)sCIJU(16)
TYPE INTEGER QUTPUT
2000 FORMAT(1H1+10A8)
20Ul FORMAT(32HOKASTEN3AUIM—LAMPHIEAR PROCEDURE )
2002 FOURMATU(///77912n TITERATION 98X918HDEGREES CF FREEDUM 88Xy
* lan CHI=SWUARE 915X 92h Re8Xs2H o98Xs2rn T)
2003 FORMATU///7 777/ 98Ks] 5H CeLL 28X 9 1BHUBSERVED FREQUENCY 98X
#* 18HEXPECTED FREQUENCY /sl1H )
2004 FORMAT(/3X 9G4 B8X9]591oXsF15e69TXs2(8Xs12))
2005 FORMAT(6X92(2Xs13)9BXorFr15e6911XsF1545)
2006 FORMATI2YHOITERATION COUNT EXCFEDS 12)
WRITE QUTPUT TAPE DUTPUT 2000 INENT
ARITE QUTOUT TAPE 0O'TPUTs2001
DELX=1e0E-5
ITERSTNP=100
NRST=IR*JS*KT
00 10 N=1seNRST
EXPIN)=0BS(N)
10 CONTINUE
IR1=IR-1
JS1=US5-1
NX=IR1#JS1#KT
ITERS=0
20 NXZERO=0
ITERS=ITERSH)
DO 60 I=19IR1
DO 50 J=19sJ51
5UVC=O.O
SUvM3C=0,60
DO 30 K=1sKT
KPART=IR*(Jo*K=J5-1)
JUSK=KPART+Ir*JS+]
EXPISK=£XP(1JSK)
[RJUK=KPART+IR*J+]?
EXPRJUK=EXP(IRJUK)
IRJSK=KPART+IR*JS+]IR
EXDRSK=EXP (IR JSY)
[ UK=KPART+IR*J+1
EXPIJUK=EXP(]JUK)
ClJk=1le0/CXPIOK+]1 e U/EAPRUIK+1L ¢ v/ EXPRSK+1U/EXPTJIK
ClUK=1e0/CI UK
BIJK=EXPISK*¥EXPRJIK/EXPRSK/EXPT JK
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SUMC=5uC+CI UK
SUMBC=5UMBC+C T JK*2] JK
Clu(K)=ClJUK
olJ(K)=BIJUK
30 CONTINUE
HIJ=SUMC/ SuvsC
D0 40 K=19KT
KPART=IR%#({JS#L=-J5~1)
ATIUK=ClJU(K)#(1e0=A1J*D]J{K))
IF(XIJUKelLE oL A) NXZERO=NXZECRC+1
IRJSK=KPART+[RP% JS+]P
EXPUIRJUSK)=EXP(IRJSK)Y=-XKT UK
I UK=KPART+]IR*J+]
EXPUTIJK)=EXPITJUK)=XTJIK
JUSK=KPART+IR*JS+]
EXPITJSK)=EXP({IJUSKY+X] JK
IRJK=KPART+IR*¥J+]R
EXPIIRJKI=ZEXP(IRJKYI+XTIIK
40 CONTINUE
50 CONTINUE
60 CONTINUE
IF{ITERS«GL«ITERSTOP) GO TO 200
[IFINXZEROSLTONXY GO Tu 20
CHISR=0e9
D0 70 N=1sNRST
EXPN=EXP(N)
CHISG=CHISQ+(02SIN)=EXPN)Y®(ORSIN)-EXPN)/EXPN
70 CONTINUE
wWRITE OUTPUT TAPF QUTPUT 2003
[JK=0
DO 80 K=1sKT
00 80 J=1sJd
DO B0 =y IR
[JKk=1UK+}
WRITe OUTPUT TAPE OSUTPUT 9200591 9J9K9s03S(TUK)sEXP (] UK)
80 CONTINUE
WRITE OUTPUT TAPE QUTPUT 2002
WwRITE OQUTPUI ThPe OuTPUT 92004 s I TERSINUDEGREESICHISY 9 IR IS KT
o0 TO 300
200 arklvgc CulPul TAPZ QuiPUT 20069 I TERSTOP
300 cinD
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SUBROUTINE .ARROCH
COMMON/ZALL ., 851400 ) s TVOENT(10)9IRsUSIKToNDEGREFES INPUTSCUTPUT
COMMON/ SUMS/0B5R(E0) »UBSS(80)9035T(25)90RSRS(16)90RSTR(5)
* ORSST(8)yQRSRST
COMIMON/FLAGS/OPTION(10)sLOGFLAG
VDIMENSION EXP(400)sTHETAIB0) sPHI(ED)PSI(25)
TYPE INTEGER QPTION
TYPE INTEGER OJIPUT
2000 rORMAT(1rlsluAo)
2001 FORMAT(1YHUDARROCH PRUCELURE )
2002 FORMAT(///779v1én ITERATION 38X 13RnDLEGREES OF FREEDO 98X
#® l14h Al=OQUARE 915X 921 ReBXe2H SeXezHd 1)
2003 FurMAT////77/98X913H CeELtL 98X LBHUBRSERVED FREQUENCYs8X
* 18HEXPECTED FREQUFNCY /elH )
2004 FORMAT(/3XsI14918Xe]I5915XsF15e697X93(3Xe12))
2005 FORMAT(6Xs3(2X9I3)98XsF15e0911X9F1566)
2006 FORMAT(25HUITERATIUN COUNT EXCEEDS 13)
WRITE QUTPUT TAPZ OUTPUT 92000+ IDENT
WRITEZ OQUTPUT TAP= CLTPUT»2001
ITERSTOP=100
TOLERSW=0e0uUUS*U e 00U05
CALL GETSUMS

DO 140 I=1sIR
0BSSTI=0a55T(1)
DO 120 J=1+JS
[J=1+IR*x(J-1)
PSI(1J)=0B5T(1J)/0885T1
120 CONTINUE
DO 130 K=1sKT
KI=K+KT*(]=-1)
PHI(KI)=0B5S5(KI)/085R5(X)
130 CONTINUE
140 CONTINUC

[TERS=0
200 15T0P=1
ITERS=ITFRS+1

DO 230 K=1sKT
DO 220 J=19J5
JK=J+JS* (K=1)
SUMI=0.0
DO 210 I=1s1IKR
KI=K+KT#*(]=1)
[J=I+IR#(J=~-1)
SUMI=SUMI+PHI (KT ) *PST(]1J)
210 CONTINUE
THETAJK=J0BSR(JK)/CBSRST/SUV]
IF((THETAJUK-THETA(JUK ) ) ¥%24GZ e TOLERSQ) ISTOP=0
THETA(JUK)=THETAJK
220 CONTINUE
230 CONTINUC
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D0 260 I=1sIR
DO 250 K=1oKT
KI=K+KT#(]=-1)
suMJ=0.0
DO 240 J=1,JS
[J=1+IR*¥(J=1)
JK=J+JS#(K=1)
SUMJ=SUMJ+PSTITJY*THFTA(JK)
240 CONTINULE
PAICI=UB09(K] ) /08o15T/ 50y
IFCPAIKI-PRIIK]I) ) #%2eGE«TOLERSD) ISTOP=0
PHI(KT)=PAIK]
250 CONTINUE
260 CONTINUE

DC 290 J=1+JS
DO 260 I=1s1IR
[J=1+IR*(J=1)
SUMK=0NeN
DO 270 K=14T
IJK=J+JS* (K=-1)
KT1=K+KT#(1=-1)
UMK =SUMK+THETA(UK ) #PAT(K])
270 CONTINUE
PoIIJU=085T(IJU)/ORSRST/SUML
IFUIPSITJ=POI(IJ))%%24GEGTULERSQ) [STCP=U
PSI(1J)=PSITU
280 CONTINUE
260 CONTINUE
IF(ITERS«GECITERSTOP) GO 7O 400
IF(ISTOPSEWe0) GC TO <200
[IF(UPTION(4)eEweu) GU TO 255
NRITE QUTPUT TAPE QuTPUT 2003
295 CHISG=040
DC 300 K=1sKT
VU 300 J=1sJ>
JK=J+JS#{K=1)
DO 30N [=1s1IR
[J=1+IR*(J=-1)
KI=K+KT*(]=1)
EXPIIK=THETA(UR)*PHI (K[ ) *¥PST(1J)*0OBSRST
TIUK=T+iR*(J=1+Jo%(K=1))
N]51JL=NAS{ T Jr)
Cri]ou=CHIdWr Ul IN=2 AP [JR)® LIS IK=EAPIUK)/EXPTIK
[IF(OPTICN(4)eEQSC) CO T2 300
WRITE wuTPUT TAPE wuTruTs2uubs]lsJdeksunSlunesEXP UK
200 CONTINUE
ARITE QUTPUT TAPE OUlPUT»2002
aRITe UulPul TaPr OuTPUITs20UL s [ TERDINDEGREESYCHISA IR IS KT
GO0 10 500

m

400 wRITE QUTPUT TAPE VUTPUT 20069 1TERSTOP
SNN END
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2000
2001
2002

2003
2004
2005
2006
2067
2008

40

50
60

70
80
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SUBROUTINE PLACKETT

COMMONZALL/Z0UEBI(40U) s TUCNT(10) 9 IR sJS KT INDEGREZESHYINPUT oOUTPLUT

ODIMENSION VI256) s VINVIZ256) 94 (16)9ZVINVILG)
TYPE INTEGER CUTPUT
FORMAT(1H1910A8)

FORMAT (20HOPLACKETT PRUCZOURE )
FORMAT(/////19A DZIGREc> OF FREEDOM 98Xs14H
# 10H SUMIL*L) 915X92H Re8Xs2H S98X92H T)
FORMAT(/6X915915X9F15e6911X9F154698X93(8Xs12))
FORMAT(3HOK= 12)

rORMAT(/12H CONTRASTS )

FORMAT (/720H OISPERSION MATRIX )
FORMAT(/////11n Z-VeCTOR )

FORMAT (/ 11H P=HMATRIX )

WRITE QUTPUT TAPE OJTPUT 2000 IDENT
WRITE QUTPUT TAPE QUTPUT»2001
IR1=1IR-1

JS1=J5-1

IR1JS1=1IR1#%#JS1

LVINVZ=0.0

DO 30 NAB=1sIR1JS]

ZVINVINAB)=0.0

00 30 NCO=19IR1JS1
NABNCD=NAB+IR1JS1* (NCD-1)
VINVINABNCD)=0.0

CONTINUE

DO 200 K=1lsKT

DO 4n NAR=1,IR1US]

Z(NAB)=0.0

DO 40 NCD=19IR1JST
NABNCO=NAD+IR1JS1*# (NCU-1)

VINASNCD) =040

CONTINUC

VO 170 J=19JS

DO 170 I=1s1IR
[UK=]+iR*(J=1+JS¥ (K-1))
OBSIJUK=035(1JK)

O3SLOG=LOGF (0OBSIUK)

DO 160 NB=1sJS51

SIGMA=1.0

IF(J+NB-JUS-1) 60+50+170
SIGMA=~FLOATF(JS-No)

DO 150 NA=1,sIR]

RHN=1.0

IF{I+NA=IR=1) BOs7049160

RAN==FLNATF (IR=NA)
NAB=IR=NA+IR1*(J31-Nit)

ZINAB)=Z (NAD)+RHO*¥ST GMAXOQISLAA

DO 140 ND=19J51

OMEGA=1,.0

CHI=SQUARE+17X>

#636



110
120

130
140
150
160
170

180

150
200

210

300

#636

IF{J+ND=-US=1)

D0 130 NC=1»s]
TAJz] .O
[F(l+NC=]R=-1)

TAU==FLCATF(IR=NC)

1N0s3INs15HN
NAMEGA==FLNATF (J3="1D)

Sl

12091109160

NCD=IR=N"NC+IRI*#(JS1-ND)
NABNCO=NAS+IRIJST#(NCL=-2)
VINAONCD )Y sVINADNI D) +XmudS [ G A¥TAUX0OM=GA/UBS T UK

CONT INU=
COANT INUF
CONTINUY
CANT INUF
CONTINUF
ARITE OLTRUI
aRITE CuTPul

TAPF
TAPE

NUlPUT 92004 9K
QuiPJiT 2005

CALL NMPrRINT(ZsIx1Jo1l91l)

wRITE OuTpUlT

TAPZ

QuTPJT»2006

CALL NmrRINT(veIxlJolsIRIJOL)
CALe mATInVIV I R1J01svelesleInrlusl)
DU 190 NCD=19IR1JS1

LVINVCD=ZVINVINCD)

ZCD=Z(NCD)

DO 180 NAb=1sIR1JSI

LAG=Z(NAS)

NASNCO=NAB+IR1JS1#(NCO=-1)
VABCD=V(NALBNCD)
LVINVL=LVINVL+LAB*VASCD*LCD
VINVINABGNCDIi=VINV INADNCD) +VAoCy
LVINVCU=ZVINVIv+ZAn* VAL

CONTINuUE

cVINVINTD)=¢VINVCY

CONTINJE
CONTINUE

CALL MATINVIVINVIR1JS19Ve0959IR1UJST)

CHISN=2VINYZ

D0 210 NCD=1s1IR1US1

ZVINVCD=ZVINV(NCD)

DO 210 NAB=1.1R1JE1
NASNCU=NAB+IR1JST*(NCD=1)
CHIOQ=CAHISU=ZVINVINAS ) *VINVINAZINCD)Y*ZVINVED

CONTINUST
uhl(.l[E \)U[Pdr

TAPc

SulrPul 2007

CALL NMPRINTU(ZVINVSIR1IJSI o)

NRITE OquJr

TAPE

QUTPLT 2008

CALL NVMPRINT(VINVeIRIJSTIsIRTJST)

KRITE OQuUTPUT
wrITZ oJuTPuUl
END

TAPF
IAPE

AUTAUT 207
JUlTrPUT 92005 9inDEGREESICHISWIZVINVZ IR s IS eK]T
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SUBROUTINE GOODMANI1
COMMON/ZALL/0BS(40U) s IOENT(10)9IR9JSsKTaNDEGREESs INPUT»QUTPUT
OIMENSION VI256) 9 VINVI(256)92(16)9ZVINV(16)
TYPE INTEGER QUTPUT
2000 FORMAT(1H1s10AB)
2001 FORMAT(19HOGUODMAN PRUCEDURE )
2002 FORMATI(/////19H DEGREES OF FREZOOM 98X 14H CHI-SGQUARE 17X
* 10H SUM(H*H) 915X92H Re8Xs2H Se8X92H T)
2003 FORMAT(/6X915915X9F 15669 1LX9F15¢698X92(8X9[2))
2004 FORMAT(3HOK= 12)
2005 FORMAT(/12H CONTRASITS )
2006 FORMAT(/2UH DIoPERSTUN MATRIX )
2007 FORMATU(/////11H G-VeCTOR )
20U8 FORMAT L/ llm w=MATRIX
WRITE QUTPUT TAPE QUTPUT 20009 IDENT
wRITE QUTPUT TAPZ OJlPuUT»2001
IR1=IR-1
JS1=J5-1
IR1J51=IR1*JS1
ZVINVZ=0.0
DO 30 NAB=1+IR1US1
LVINVINAB) =060
DO 30 NCD=1»IR1JS1
NABNCD=NAB+IR1JS1*(NCD=1)
VINV(INABNCD)=0eN
30 CONTINUE
DO 200 K=1sKT
DO 40 NAB=191R1J51
Z(NAB)=0.0
DO 40 NCD=1sIR1JS1
NABNCD=NAB+IR1JS1*¥ (NCV-1)
VINABNCD) =040
40 CONTINUE
D0 170 JU=1+JS
DO 170 I=1»sIR
[UK=]+IR#(J=1+J5%(L~-1))
0BSTUK=08S(1JK)
0BSLOG=LOGF (03S1JK)
DO 160 NB=19JS1
SIGMA=-1,0
[IF(JeEQedS) GO TO 60
IF(NSeNEsJ) GO TO 160
SIGMA=1.0
60 DO 150 NA=lsIR1
RHO=-=1e0
IF({I+EQeIR) GO TO 80
IF(NAeNESI) GO TO 150
RHO=1.0
80 NAB=NA+IR1*¥(NB-1)
L(NAB)=Z(NAB)+RHU*STGMA*0U3SLOG
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100

130
140
150
140
170

180

190
200

300

#636

DO 140 ND=1sJS1

OVEGA==1,0

[IF(JeEQedJS) GO T2 100
[F(NDeNEeJ?Y GN TQO 140

OMEGA=1,.0

DO 130 NC=1»sIR1

TAU==140

[IF(]lecQeIR) GO TOU 120
IFINCeNESI) GO TO 130

TAu=1.0

NCD=NC+IR1*{ND-1)
NABNCD=NAS+IR1JS1#(NCD=-1)
VINABNCD) =V (NASNCD ) +RAU*STGMA*¥TAU¥CMEGA/CRST UK
CONT INUF

CONTINUE

CONTINUFE

CONT INUF

CONT INUET

wRilTe GuTPuT TAPE UUTPLTeZ2uUuG s
#RITZ QUTPLT TAP: QuUTPUT 2005
CALL NMPRINT(ZsIR1US1s1)

ARITE OUTPUT 1 APE QUTPUT»20C6
CALL NMPRINT(VseIRIJS1s[R1IUD])
CALL MATINVIVSIRIJolsVeUsDs[R1US])
o0 190 NCD=1s1IR1US1
LVINVCD=ZVINVINCD)

LCD=2(NCD)

N0 18N NAR=1,T1R1JS

ZAB=2(NA3)
NADNCD=NAb+IR1JS1#*(NCL-1)
VABCD=V(NACNCD)
ZVINVZ=ZVINVZ+ZAp#*VABCD*2(CD
VINVINASNCOD ) =VINVINAONCD)+VARCO
LVINVCU=4VINVCU+ZAB*VALECD
CONTINUE

IVINVINCD ) =4VINVCD

CONTINUE

CONTINUE

CALL MATINVIVINVSIRIJO1lsVsUSDIR1JS])
CHISN=ZVINVZ

DO 210 NCD=1s1RT1UC]
ZVINVCD=ZVINVINCD)

DO 210 NAB=1,IRVJS]
NABNCU=NAp+IR1JUSLI*(NCu=1)
CAIoU=CrIow=dVINVINAD) *VINVINAENCD)*¥ZVINVCD
CONTINUZ

NRITE QUTPUT TAPEt OJTPUT 2007
CALL NMPRINT(ZVINVeIR1JO11)
WRITE OQuTPul TAPL OulruTegzuub
CALL NUPRINTUIVINVIIRIUSIIR1UST)
ARITE QUTPUT TAPE QULTPUT 42007

WRITE QuTPUT TAPE UUTPUT 920029 NDEGREFSICHTISU 9 ZV TNV 9TReUC KT

ZND
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2000
2001
2002
2003
*

SUBROUT INE GOODMAN2

COMMUNZALL/UBS(4CU) s TDENT(1U)9IR9JSIKTINDEGREES» INPUT »QUTPUT
DIMENSION P(256)5Q0(256)9sB(80)9C(16)9G(16)sPG(16)

TYPE INTEGER OUTPUT
FORMAT(1H1+1048)

FORMAT (28HOMODIFIcD GUODMAN PROCEDURE ////1H

FORMAT (/12H CONTRASTS

)

FORMAT(///7/719+H DEGREES OF FREEDOM »8Xs14H

BX9s2H S98Xs2H T )

2004 FORMAT(/6X9I5915X9F15e69TX93(8X912))
WRITE OUTRPUT TAPE OUTPUT»200Us IDENT

10
15

20
25

30
35

-30-

WRITE OUTPUT TAPE OUTPUT»2001

IR1=IR~-1

JS1=JS-1
IR1IR1=IR1*IR1
IR1JS1=IR1%*JS]
CHISQ=0.0

DO 15 NAG=1»IR1JS1
PG(NAB)=0.0

DO 10 NCD=1s9IR1JS1

NABNCD=NAB+IR1JS1*(NCD-1)

Q(NABNCD)=0.0
CONTINUE

CONTINUE

DO 200 K=1sKT

DO 25 NAB=19IR1JS1
G(NAB)=0.0

DO 20 NCD=1sIR1JS]

NABNCD=NAB+IR1JS1#(NCD-1)

P{NABNCD)=0.0
CONTINUE

CONTINUE

DO 35 I1=1»IR1

DO 30 IIl=1sIR1
ITITI=ITI+IR1*(]]=-1)
C(IITIT)=0.0
CONTINUVE

CONTINUE

DO 100 J=14+J5S
JK=IR*(J=-1+JS5*¥(K-1))
DRSJIK=0,0

DO 70 I=1»IR
[JK=T+JK
0B8SI1JK=085(1UK)
OBSLOG=LOGF (OBSTJUK)
DO 60 NB=1sJS1
SIGMA==1.0
[F(JeEQeJS) GO TO 40
IF(NBeNEeJ) GO TO 60
SIGMA=1.0

)

CHI=-SQUARE 15X 92H F
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DO 50 NA=1»IR1

RHO==-140

IF(IeEQeIR) GO TO 45
IFINAeNESI) GO TO 50

RH():IQO

NAB=NA+IR1#*(N5-1)

GINAD) =GINAL ) +RAIU*STOGMA*UBSLOG
CONTINUVE

CONTINUJUE

03S5JK=0RSJK+0BST UK

CONTINUFE

DO 90 I1=1+IR1

TTUK=TT+JK

DO 80 I11=1s1R1

[TIJUK=111+UK
ITTIHI=T11+IRYI*(]]I=1)
IITIIOo=TITIT+IR1IIR1I*(J-]1)
pIlillIJd==0co(IIJK)#0ObS(ITIJUK) /035JK
IF(IleEQelIl) wlliIiiu=snilllIlJ+02S(ITIUK)
CUITITiY=CHIITlil)+oll111U
sllllllJ)=clllllJ

CONTINUE

CONTINUE

CONTINJE

WRITE QUTPUT TAPE QUTPUT 2002
CALL NMPRINT(GeIR1JS11)

CALL MATINV(CsIR1sCe0s0s]IR1)

DO 170 NB=19J51

DO 160 ND=19J51

DO 150 NA=1s9IR1
NAB=NA+IR1*({NB~-1)

PO 140 NC=1»9IR1
NCD=NC+IR1*¥(ND-1)
NABNCD=NAB+IR1JS1*(NCD-1)

DO 120 11=191IR1
JINCND=TI+IR1*(NC=1+IX1*(ND-1))
DO 110 111=19+1IR1
NATTING=NA+IRI*(III-1+IR1%(NB-1))
ITTII=111+IR1*(]]-1)

PINABNCD) =P (NASNCU)-B(NATTINc)*CUIIITIV *B(TINCND)

CONTINUE

CONTINUVE

IF(NBDeNESND) GO TO 130
NANCNO=NA+IRLI*¥(NC=1+Ix1%(ND-1))
P(NABNCD) =P (NABNCD) +t (NANCND)

w (NABNCD ) =G (NABNCD) 4P INABRNCD)
PGINAD ) =PG(NAD)+P {NABNCD)#GINCD)
CONT INUF

CANT INUF

CONTINUF
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180
190
200

210
220

300

—=32=

CONTINUE

DO 190 NAB=1sIR1US1

00 1806 NCD=19IR1US1
NABNCD=NAB+IR1JS1#*#(NCO-1)
CHISQ=CHISQ+G (NAB ) *¥P (NABNCD ) #G (NCD)
CONTINUE

CONTINUE

CONTINUF

CALL MATINVIQsIR1JS13Qs0sDsIR1JS])
DO 2209NAD=19IR1JS1

DO 210 NCD=19IR1J31
NABNCD=NAD+IR1JS1#(NCO-1)
CrnISQ=CHISQ-PG(NAB)*Q(NABNCD)*PGINCD)
CONTINUJUE

CONTINUE

WRITE OUTPUT TAPE QUTPUT»2003

WRITE OUTPUT TAPE JUTPUT»2U04 sNDEGREESICHISGs IR JS KT

END
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SUBROUTINE TwCBYTwO

COMMUNZALL/Z/UBS(400) s JOENT(10U) 9 IRIJSIKTaNDEGREES Y INPUTSQUTPUT
OIMENSTUN VI16)9VI16)9G(18)2ul16)95(16)sA(16)9DSTARI16)sVSTAR(16)
OSTAR(161sUSTAR(16)93STAR(156)9ASTAR(16)

TYPE INTEGER OuTPUT

2000 rORMAT(1H1s10A8)

2001 FORMAT(26rA0GO0DMANS 2X2XT PROCEDURE
FORMAT(2A0 K98Xs3n D

2002

*

SHL*¥L 910X 3H G

2003 FORMAT(I399F13e5)

2004 FORMAT(

dA4

910X 93H o

»10X93H V

[393(2F13e¢5913X))
2002 FURMAT(/////19n DLGREES wF FREEDUNM

# 15X92H ReBXe2H osB8Xs2H Te/1H )
2006 FORMAT(6X9sI596X93F18Be295X93(8Xs12))
2007 FORMATI(3X33(26XsF1345))
WRITE OUTPUT TAPE JuTPuUT 92000 IDENT

NRITE QUTPUT TAPE
IF(IReNCe2)
[IF(JUSeNFE«2)

DUTPUT »2001
GO Ty 100
GH TO 100

WRITE QUTPUT TAPE OUTPUT 2002
SUM1=5UM2=5UM3=5UM4=5U"5=SUM6=5UMT=5UMB=5U¥F=C,C

DO 20 K=1sKT
KPART=IR¥JS*(K=1)
03S11K=08S(1+KPART)
00521K=035(2+KPART)
ObS512K=0BS(3+KPART)
0BS22K=085(4+KPART)

DK=0B8S11K#*00522K/0BS12K/05521K
UK=1e0/0BS11K+1e¢0/0BS22K+1e0/0BS512K+10/083521K

VK=DK#*DK*UK
NK=1e0/VK

GK=LNOGF (DK)
PK=1,0/UK
BK=140/DK
AK=3K #BK #!JK
HK=140/AK
SUMLI=0UuMl+DK*DK*wK
SUMZ=SUMZ+OK* WK
SUM3=5UM3+4K
SUM4=SUM4+GK*¥GK#PK
SUM5=5UM5+GK#PK
SUMA=SUMK+PK
SUMT=SUMT+EK*¥BK#*H<
SJUMB=SUMB+BK*HK
SUMG=SUM9+HK
DSTAR(K )=5UM2/5UM3
VSTAR(K)=1e0/5uUv3

s 1UXs3HY*Y

s/ ///1H )
sl uXe3HX¥ X91uXe3H B
s /1H )

»1UX93H A

il

s]1JX e

311 Xe3HX* ¥X915Xs3HZ*¥Z 915X 93HAY*Y



GSTAR (K )=SUM5/SUM6
USTAR(K)=140/SUMK
BSTAR(K )=SUMB/SUM9
ASTAR(K)=140/SUM9

D(K)=DK
VIK)=VK
G(K)=GK
JU(K)=UK
8(K)=BK
A(K)=AK

20 CONTINUE
SUMXSQ=SUMYSG=5uUMZ5Q=0,0
KT1=kT=-1
DO 30 K=19KT1
XSQK=(D(K+1)-DSTARIK))*{D(K+1)=DSTAR(K))/(VIK+1)+VSTARI(K}Y)
YSQK=(G(K+1)=GSTAR(K) ) *#(G(K+1)-GSTAR(K) )/ (U(K+1)+USTARI(K))
LSQK=(B(K+1)-BSTAR(K) I #(B(K+1)~BSTAR(K) )/ (A(K+1)+ASTAR(KY))
WRITE OUTPUT TAPE OQUTPUT 92003 9K sDI(K)sVIK) s XSUKIBIK)sA(K) 9ZS5QK
* G(K)osUlK)2YSWUK
SUMXSQ=SUMXSQR+XSQK
SUMYSQ=SUMY>Q+YSQK
SUMZLSQ@=SUMLSQ+4L5GK
30 CONTINUE
WRITE OQUTPUT TAPE OUTPUT 92004 sKT oDIKT ) o VIKT) sRIKT)YsA(KT) oG(KT ),
# U(KT)
WRITE OUTPUT TAPE OUTPUT 920379 SUMXSWsSUMLSG » SUMYSQ
XXSQ=SUM1-SUM2#SUNM2/SUM3
YYSQ=SUM4-SUMS5#SUVI5/S5uMb
LISQ=S5UMT=-SUMB*SUMB/ LUMY
WRITE CUTPUT TAPE OQUTPUT 2005
wRITE OUTPUT TAPE OUTPUT 92006 sNDEGREES9XXSG9ZZSQsYYSQrIRsJSHKT
100 END
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SUBROUTINE KKK

COMMUN/ZALL/ZUBO(400) s IDENT(10) 9 IRsJSIKTsNDEGREES s INPUT»QUTPUT
COMMON/SUMS/03SR(B80) 0BS5S (80)s0B5T(25)908SRS(16)9CRSTR(51

* OBSST(5)9s0BSRST
TYPE INTEGER OUTPUT
2000 FORMAT(1H1»10AS8)
2001 FORMAT(39HOKULLBACK

KUPPERMANSs AND

2002 FORMAT(/////19d DEGREES OF rREcDOM

*# 2H T)

2003 FORMAT(/6X9s1596X9sF18e297X93(8Xsi2))
ARITE QUTPUT TAPE OQUTPUT 2000 IDENT
WRITE QUTPUT TAPE OUTPUT 2001

120
130
140

400

#636

CALL GETSUMS
TWOI=0e0N

DO 140 K=1sKT
OBSRSK=0BSRS(K)
DO 130 J=19JS
OBSTRJ=0BSTRI(J)
JK=J+JS5*(K-1)
OBSRJUK=NBSR (JK)
DC 120 I=1»IR
0BSSTI=0BSST(1)
[Jd=1+IR*(J=-1)
CBSTIJ=0BST(1J)
KI=K+KT*(I=-1)
0BSSKI=08S55(KI)

[UK=1+IR*(J=-1+J5*(K~1))

DBSTUK=PBS(TJK)

<U PROCEDURE )
211Xe3HZ2%2I917Xs2H Roe8X92H S98Xo

TWOI=TWOI+0OBSIJK*LOGF(OBSIJK*OBSSTI*OBSTRJU*OBSRSK/OBSRST/0BSTIU/

* OBSSKI/0BSRJK)

CANTINUE
CONTINUE
CONTINuUE
TwOI=240%TwO]

ARITE QUTPUT TAPE QUTPUT 2002
WRITE GuTPUT TAPE OUTPUT 92003 sNDEGREES»TWOI 9 IR sJSHKT

END
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SUBROUTINE INTRVALS
COMMON/BCD/ IBVECTOR(20U) 9»JCVECTOR(2v) sKDVECTOR(2V)
COMMON/ALL/0BS(400U) 9 IVENT(10)9sIR9JSsKToNDEGREES» INPUTSOUTPUT
COMMON/FLAGS/0OPTION(10)9LOGFLAG
DIMENSION Q(6)sCHIT(2)9CHIL(2)sPHIW(2)sP(2)
TYPE INTEGER QUTPUT
TYPE INTEGER OPTION
DATA(P=0e9590499)
2000 FORMAT(1H1910A8)
2001 FORMAT(61HOINTERACTION ESTIMATES AND CONFIDENCE INTERVALS IN LOG U

#NITS )

2002 FORMAT(63HOINTERACTION ESTIMATES AND CONFIDENCE INTERVALS IN BASIC
* UNITS )

2C03 FORMAT (/777 44H 8 C D )

2004 FORMAT(/9X912914Xs]12914Xe]12)

2005 FORMAT (//// 34nh P CHI(T=15943H)
* CHI (1) PHI(w=1591H)s/1H )

2006 FORMAT(9X9F4e293(IXsFloeb))

2007 FORMATI(////7/7106H0 I B J C K D p FSTIMATE S
*TANDARD eeoeLIMITSees /980X e 77H
*ERROR CHI(T) CHI(1)

* PHI(W) /91H )
2008 FORMAT(6139F9e292E156394X93(4X92E1042))

2009 FORMAT(/////7106H0 ] B8 J C K D P ESTIMATE
* ...LIMITSOOO /97ZXOQRHC
*H[(T) CHI (1) PHI (W) /91H )

2010 FORMAT(6]39F9e29E1563915X24X93(4X92E1042))
WwRITE OQUTPUT TAPE OUTPUT 92000 IDENT
IFI(LOGFLAGeEQsD) GO TO 5
WRITE QUTPUT TAPE OQuTPUT 2001
GC Tn 10

5 WRITE QUTPUT TAPE OUTPUT 2002
10 #RITE QUTPUT TAPE OUTPUT 2003
NW=0
NRCD=N
DO 15 1=1+20
IB=IBVECTOR( )
IF(IBeEQeO) CO TO 15
JC=JCVECTORI(])
KD=KDVECTORI([)
NBCD=NBCD+1
NW=NW+(IB=1)%(JC-1)*(KD=1)
WRITE OUTPUT TAPE OUTPUT+2004s13+JCsKD
15 CONTINUE _
WRITE OUTPUT TAPE OUTPUT s2UU5 syNDEGREES sNW
N=FLOATF (Nw)
T=FLOATF(NDEGREES)
DC 20 L=1s2
Pl.=P(1.)
CHITL=CHI(TsPL)
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CHI1L=CHI(1e0sPL)
PHIWL=PHI(ANsPL)
WRITE OUTPUT TAPE OQUTPUTs20069PLsCHITLYCHIILPHIWL
CHITI(L)=CHITL
CHRI1l(L)Y=CHI L
PHIw(L)=PHIWL
20 CONTINUE
IF(LOGFLAGeEGeO) GO TO 25
NRITE QUTPUT TAPF OUTPUT 2007
GC T0O 30
25 WRITE QUTPUT TAPE QUTPUT 2009
30 DU 100 N=1sNBCD
KD=KDVFCTNAR(N)
KD1=KD-1
JC=JCVECTOR(N)
JC1=0C-1
Io=1BVECTORI(N)
Ibl=Ib-1
DO 70 K=19KD1
VC 60 J=1+JC1
b0 50 [=z1,1B1
JUK=T1+IR*¥(J=1+JS5%(K=1))
ORST JK=0RS(TJK)
[2JCK=]R+IR*¥(JC-1+JS*(K=1))
ORSRCK=NBRS(IPJCK)
IBUK=IB+IR%(J=1+J5%(K=-1))
OBESBJUK=085(IB8JK)
JUCK=T+[R#(JC=1+JS*(K=-1))
voo I CK=035(1JCK)
TJURU=]+IR*¥(U=1+J5%(KD-1))
0b6S1JD=085(1JUKD)
[8JCKD=lp+Ir*(JC=-1+J5*(KD-1))
oBS8CD=0uS(I3JCKD)
IBJUKD=1g+IR¥(J=1+JS*(KD=-1))
0BS53JD=0B85(1BJKD)
[JCKD=1+IR*¥(JC-1+JS*#(KD-1))
UBSICD=065(1JCKD)
AIBJCAD=LOGF (0B85 JK*¥TpSBCK*¥IBSa3JD*¥0BSICD/CROBUK/ORSTICK/CRSTID/
* N3S30n)
VIBJCKR=1eU/UB0IJA+]1 U/ Upo0(K+1eu/UnSICK+1eU/03583UK
vIioJdCu=1eU/0001JI+1e0/70B50C0+]1ev/0pSICuU+1ev/UBSEJD
SIbJCKU=SARTFIUIARJCK+JIIBICDE)
VO 45 L=192
PL=P(L)
wll)=AlpJCRu=olB8JCKO*CRIT (L)
W(2)=2e0¥%AIDJCKD=-GI(])
G(3)=AIRJCKDI=-SIRICKD#CHI1 (L)
QU4)=2e0%AIDJCKD=-21(3)
Q(H)=AIHJCKU=S I 3JCKD*P-Tw (L)
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QE6)=20%¥AIBJCKD=-G(5)
IF(LOGFLAGetQe0) GO TO 35
WRITE QUuTPUT TAPE UUTPUT920UBsIsIBsJsJCeKsKDIPLIAIBJCKDISIBJICANSIQ
GO TO 45
35 AIBJUCKD=EXPF(AI3JCKD)
00 40 M=1s6
Q{M)=EXPF (Q(M))
40 CONTINUE
WRITE OUTPUT TAPE OUTPUT9201CeI1sIBsJsJCsKsKDIPLIAIRJCKD YN
45 CONTINUE
50 CONTINUE
60 CONTINUF
70 CONTINUE
100 CONTINUE
ZND
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SUBROUTINE RcADIN
COMMON/ALLZOBS(40uU) s IDENT(10)9IRsJSHKTINDEGREFS e INPUT $DUTPUT
COMMON/B8CU/ IBVECTORE20)9JCVECTORI(2C) oKDVECTOR(2U)
COMMON/FLAGS/OPTIUN(10)sLUGFLAG
TYPE INTEREZR OPTINON
TYPE INTEGER OQUTPUT
DIMENSION INMAT(10)
1000 FORMAT(10A8)
1001 FORMATI(20U14)
1002 FORMAT(10I1)
RCAD INPUT TAPEZ INPUTs1000sIDENT
IFCIDENTI(1) eEGebHTHATSALL) GO TO 40U
KehAD INPUT TAPe InNPuT»lUu2sCPTION
READ INPUT TAPE INPUT910ULsIReJSHKT
READ INPuT TAPE INPUT»1000sINMAT
NRST=1IR*Jo+KT
KEAD INPJUT TAPc INPUTINMAT s (UpS(N) sin=19NRST)
READ INPUT TAPE INPUT»1001s18VFCTOR
Reav INPuT TAPc INPUT»10019JCVECTOR
READ INPuT TAPE INPUT910019KDVECTOR
NDEGREFS=(IR=11#(JS=1)#(KT=-1)
RETURN
400 STnP
END
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SUBROUTINE GETSUMS

COMMOUN/ALL/0BS(400) s IDENT(10)9IR9JISIKT s NDEGREESs INPUT»OQUTPUT
COMMON/SUMS/0BSR(80) sUBS3S(80)90BST(25)908SRS(16)908STRI(5)

OBSST(5) sOBERST
OBSRST=0NeD
DO 30 K=1KT
OBSRSK=0.0
DO 20 J=19JS
OBSRJUK=0.0
PO 10 I=1»sIR
TIUK=T+[R*¥(J-1+J0%(K=-1))
UBSTUK=0BS(1UK)
OBSRJK=0BSRJUK+0OBSIJK
OBSRSK=0BSRSK+0BSIJK
COBSRST=0BSRST+0BSIJK
CONTINUE
JK=J+JS*(K-1)
OBSR(JKY=0BSRJK
CONTINUVE
OBSRS(K)=0BSRSK
CONTINUZ

DO 60 J=19JS
OBSTRJU=0.0

DO 50 I=1»IR
0BST1J=0,0

DO 40 K=1KT
[JK=T1+IR¥(J=1+JS*(K=1))
OBSIJUK=08S(TJK)
O0B5T1J=08STIJ+08S1JK
0BSTRJ=0BSTRJU+CBSI UK
CONTINUE
[J=1+IR*(J=-1)
0BST(1JU)=0BS3T1J
CONTINUE
0BSTR(J)=0BSTRJ
CONTINUE

00 90 I=1»IR
CBSSTI=060

DD 80 K=1sKT
DESSKI=0Ne0

DO 70 J=1sJS
JJK=I+IR*¥(J-1+JS5*(K-1))
0BSIUK=08S(1UK)
0OBSSK1=085SKI+08SIJK
OBSSTI=08SSTI+0RS1JUK
CONT INUE
KI=K+KT*#([=1)
OBSS(KI)=0BSSKI
CONTINUEL
OBSST(1)=0BSSTI
CONTINUZ

END
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SUBROUTINE NMPRINT(XsNsM)
COMMON/ALL/upo(4Uu) 9 JTUENT(10) 9IRsUSIKTINDEGREES» INPUTSOUTPUT
DIMENSION X(256)9XNORv(250)
TYPE INTEGER NnJTPUT
2000 FURMAT(/9X9s352dALL NUMDERS HAVE dteN uvlIVIDED 3Y Ellel/slH )
2001 FORMATI(BX916F7e3)
NM=N*M
XMAX=X(1)
D0 10 K=2sNM
[F (XMAX¥XMAX ¢GT o X (K)¥X(K)) GO TO 10
XMAX=X(K)
10 CONMTINUF
XMAA=ABSF ( XMAX)
AMAXLOG=LOGF (XMAX) /243025850630
MAXLOG=XMAXLOG
IF(XMAXeLTele0O) MAXLOG=MAXLOG-1
XMAX=104 0% *¥MAXLOG
DC 20 K=19sNM
XNORMIK ) =X (K)/XMAX
20 CONTINUE
NRITE OUTPUT TAPE OJTPUT 920009 XMAX
DO 30 I=1M
J2=N*]
J1=J2-N+1
WRITE OUTPUT TAPE QUTPUT 92001 s (XNORMI(J)sd=JdleJ2)
30 CONTINUE
END
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FUNCTION PHI(WsPL)
AREA=1e0+(PL=1640)/240/wW
TEST=00

EP = 40000001
IF(AREA=-e5)39495

14

15

16

"y

IF(TEST=-40e)159696
X = XNEW
GO TO 8

XORD = C * XNEW * 1,414213562

PHI=XORD
END

XORD=0.

GOTO16

AREAl=1.-AREA

C = =1,

GOTO7

ARFA1=ARFA

C =1

X = (AREALl = o5) %* 2,5

DIV = 14 + 3275911 * X

E = 1.0/ DIV

S = ((((e9640646070%E)=1e287822453)%E+16259695130)%E-e252128668)*E
X+4225836846

o0 = (Ll 4470323035 * E ) - 54151289812 ) ¥E +
X3477908539 ) * E = 4504257336 ) ¥ E + 4225830846 ) * E
AA = EXPF | X ##2 ) * 4886226692

FX = (AREALl = 1. ) * AA * DIV * 2, + S

FXp = = SD #* 43275911 - S * 24 ¥ X

XNEW = X = FX / FXP

IF(ABSF (XNEW=X) -EP ) 69 69 14

TEST=TEST+1,
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FUNCTION CHI(TsPL)
DIMENSION X(13s2)

VATALAS3,04L0904% 719 Te0l097e000]llevTurledlved a3dbiBU310iain720,
¥ —UeS04Y0T 00 9=UelddUllTaTvdevTT73500Tus=velditlidibrval?2en
¥ 60603599 el1lurllesdtnels342T779]5avdbolavluelel20db4ELT902eFb0T100G 00y
# =0edouiltovbe=Uestlt0520290e%4113417789=0a3423156139542v3111130)

L=1

IF(PLaGTa0a378) |L=2
IF(TeGTe5e5) GO TO 10
1T=7

CHI=X(ITsL)

€0 Tpr 2N

TRT=SQRTF(T)
CHI=X(13,L)

DO 20 K=1s7
CRI=CAI/TRT+X(13~KsL)
CCNTINUE

CHI=T*CHI

CHI=SQRTF (CHI)

cND

_43-
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TABLF 1 - DATA FRNOM KASTFNARAUM AND LAMPHIEAR (1959) - 2 X 3 X S

KASTFNRAUM-1 AMPHIFAR PRACFNIFE

CFLL NRSFRVFN FREQUENCY FXPFCTEDN FREQUFNCY
1 1 ! 58, 000000 54,995N24
? ] 1 75.000N0N T8. 0040764
1 ? 1 11.C0000N0N 12.381343
? ? 1 19.000000 17. 618657
1 2 1 5.00000 he 623632
’? 3 | 7.000000 5376367
! 1 ? 49,0017000 4n.379014
? ! ? SR.000N0N 58. /20966
| ’ ? 14.100N000 13.991%517
2 2 ? 17.000000 1 7.0N84RT
1 3 7 10.00000N 1N.629453
? 2 ? 3,00"000 T 370847
| ] 3 332.N000000 34,12716N
? } 3 45,00000N 43,RT2R40
1 ? 3 18,000000 17.469726"
? ? 3 22.NN0000 272510740
] E) 3 15.0N0000N 14,4038
7 3 2 10,000000 1N,59642N
1 1 4 15.000000 17.132082
7 1 4 39,000000 36, 867918
1 ? 4 13.000000 11. 0794608
’? K 4 272. 000000 23.920392
| 3 4 18.N0000N 14, TARR3] 1
? 3 4 12,000000 18.211AR9
1 1 5 4.,000000 4.366700
7 ! 5 5.000000 4,63330N0
1 ? 5 12.000000 13.,N78277
? ? 6 15. 000000 13.921723
1 3 5 17.000000 15.558023
? 3 5 ], NNCNOO 9, 444077

ITFRATINN NFGREFS NF FRFFNNY CHI-SQUARF
26 R 2,158045
R S T
2 3 5
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TARIF 2 - DATA FRAM KASTFNRA M AND | AMPHIFAR (1969) - 2 X 3 X S
PI ACKFTT DPRACFMNRF
K= 1
CONTRASTC .
ALt NHUMRERS HAVE RFEN DIVINDEN RY 1.0-01]
7. 295 =1 5 30K
NDISPFESTINN MATRIX
Al NUMAFRS HAVF RFFN NIVINEN AY 1.04¢20N

Mol 74 =0.113
-N.113  V.547

{ NTRASTS
Al 1l NUMRFRS HAVF RFEN DIVIDFD RY 10="N1
f.?28% -R,NI]

NTSPFRSTINN MATRIX
ALl NYMAFRS HAVF RFFM OIVINDFD RY J.N4N0ON

r\o"\q -Ooﬁ"‘;‘
-0.0973 1.76AR8

K= 3
FTITRASTS
Al NUYRE2S HAVF AFEM ATV [DENY RY l0+0NN
-Ne 13 =1,32?
NTSPFRSINN MATRTIX
ALL NUMRFRS HAVF RFFN DIVINFN RY l1.G=-"N1

1.535 =N, 48RS
-0.4%5 R.202
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TABLE 2 (Continued)

K= &
CONTRASTS
ALl NUMRFRS HAVF RFFN DIVINEN RY
-0.479 -1.117
NDISPFRSTNN MATRTX
All NUMARFRS HAVF BFFN DIVINDED RY

2.147 =-0.301

K= §
CONTRASTS
ALl NUMBFRS HAVF AFFN DIVIDED RY
0.00N =1,954
DISPFRSINN MATRIX
ALl NUMRFRS HAVFE ARFFN NDIVINEDN RY

N.6ANN 0,300
0.3N0 1.335

T-VFCTNR
Al l NUMRFRS HAVF REEN NIVINFD RY
-1.248 =5,760

F=-MATR T X
ALI NUMRERQRS HAVF BFFN NTVINEN RY

0336 -N,NAR
-N.088 1.961

NDFGRFFS NF FRFEDNM CHI=-SOYARF
R 3.177641
R S T
3
-46-

e et BERAS A, oo

l.04000

1.0-0n1

1.0+00N

1.04+7°NN

1.7400N

SUM(L *L)

9.533446
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TARBLF 3 ~- DATA fROM KASTFNRAUM ANN | AMPHIFAR (1089)

GNONMAN PRNCEDIIRF
K= 1
FONTRASTS
Al NIIMRRERS HAVF
Ne 794 =2,10M1
NTSPFRSTNN MATRTX
ALI NUMBRFRS HAVF

3.73% 3,429
3.429 4,844

K= ?
CONTRASTS
Al | NUMRFRS HAVE
-3.,918 -4,173
DISPFRSIOCN MATRTX
At 1 NUMRFRS HAVF

2:A2h 24750
2.?57 13,8813

K= 3
CONTRASTS
ALt NUMRFRS HAVF
~7.156 -6.061
NDTSPFRSTNN MATRTX
AL L MUMHFPS HAVF

2192 1,667
1.7 2.A77

#636

BEFN

BFEN

RFEN

AFF N

REEN

RFFN

NIVINEN

DIVINED

DTVIDEN

2TVINDED

NIVINFN

NTVINED

RY

Ry

RY

RY

RY

RY

1.0=201

1.0-0N1

l.("—f\,’\'

l.N=-"01

-47-



TABLE 3 ( Continued)
K= &

CONTRASTS
AlL1 NUMBERS HAVF REFN NIVIDFED RY
-T.73%2 -31,4138

NDISPFRSTNN MATRITX
Al I NUMRFRS HAVF BFEN NIVIDFN RY

2.145 1.22?2
1.72727 2.4464

K= §
CONTRASTS
ALl NUMBFRS HAVF RFFN NIVINEN AY
-9.769 -9.769
NTSPERSTON MATRIX
AlLLL NUMARFRS HAVF RFFN DIVIDFD Ay

6.33%8 1.838
1.332a 13,33A

G-VFCTNR
Al1 NUMRFRS HAVF RFEN DIVIDEN RY
-7.0N8 -4,511

Q-MATRITX
At1 NIMARFRS HAVF RFFN DIVIPEN RY

5.476 3.,8R6
3.8%6 6.3N9

NFGRFFS NF FRFFNOM CHI-SOUARF
q 2,127641
R S T
3
-48~

1.0-NN1]

100"00‘

1.0400N

I on'nn?

SHM(HXH)

9.531446

#636



TARLF 4

- DATA FROM NNRTON

GNONDMANS ?2X2XT PRACFEOUYRF

A

-— b b
N DO NIPNANH NN

NFGREFS

#636

N

N.NG543
N.N3516A
N.04T712
N O6INR
n,N2716
N0.03947
Nn.N3393
N.N7353
N NTN4S
nN.N3316
N.0123)
n,01A55

1%7

N.?7949
N.IN1AAK
N.16383
N. 76060
M.1Nn675
N.?2119R8
1.00329
N.4297C
N.516N6
C.h7R?6
1.03293

S.1R475

NF FREFNOM

11

v

N.000R4
NaN00N4]
D.0004,6K
N.NN136
N.NNrN2N
N.NONLS
0.N004N
T.NN13)
NeNNTN]
0.N0N3S
NeNON?2
N.NNN13

G

-2.29255
~1.,31981
-3,N5499
-2.779326
~3,ANAL0
-3.23212
-3.38350
-2.610N7
=2.65295
-3,40N652
—4,N0049
-4.,10127

7.45188%

{1945)

XX

-2 X2 X 12
X% X A
0.79711 18.73922
N.N2239 27.55714
C.?1299 21.22105
Ce96T74A 16.10714
0.00713 16.83337
N.N3231 25.33323
0.95887 29.4 7348
N<92RR? 132.,60000
N.14199 14.19444
1.69991 30.16NN0
2. 1R82A0N f4.,6725NN
6N 41667
7.45158
i Y %Y
Ne27223 ".30999
N.3149A NNO2T7
Ne20727 7. 19R75
N,3523] "N,99%99
N,276k! NaN2324
Ng2PR2Y Ne12904
Ne34549 1.16016
Ne24252 NgR2AIND
N,2033R N.41032
Ne31397 1.29140
N.A5046 2.02544
D.46448
7.37399
1%7
5.18475
T
12

A

RA,S5RTNY
242.38946
123,R725]1

Q1.407393
23785 .CARA0AK
184,973584
INN.12538

LG ,RET3Y

40.9777N0
285 ,59509

1940,89453
1698.,442 71

Y®Y

7.37399
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TABLF 5

INTFRACTION FSTIMATFS AND CNNFIDENCFE INTERVALS IN LOG UNITS

- ) at b e wd o wd cmd D b ot D Mt b s
NMVNVVNVVNVMNVVVVNVYNVYVVYYNVN

-50-

NNV = VN =t YD = Y ) =

- DATA FRNM KASTFNBAUM AND LAMPHIFAR (1959) - 2 X 3 X 5§

NN NWNN PN N NN NN

E DS DN ENNNVVVIVNY - - -

AT AIAAANITNAADANADNS AN

0.95
0.99
N, 95
n.Q9
0.95
N.99
N.95
n.99
0.9%
N.99
n.95
n.99
n.as
0.99
n.as
N.99

CHI(T= 8)

3.9381
4,4R19

FSTIMATE

1.C564+00N
1.056+000
T663=-001
T.668-N01
5.851-001
S5.R51=-NM1
Se596-001
5.596-0N)
2.613-0Mm
P2.,A13=-001
3.708-001
3, 7TNR=NDY
2.037=-0Nn)
2.037-001
6.331-001
fe321-0N1

CHI(Y)

1.9598
2.5758

STANDARD
ERRNR

1.0044+00N
1.7N4¢0N0
9.057-001
Q,157-001

Q.46R-NN]
9.,4A8-NN]

R.3N1-N"N1
R.,3IN1-001
9.236-0N01
9.736=-0Nn1
T.756-001
T,756-0M)

9.211-0"1

9.211-9"1
T.5605=-N"11]
T.605-0N1

#636



TABLE 5 ( Continued)

PHI (W=
2.7344
3.2272
CHI(T)

=2.904#000 S§,0140C0
=3.4644N00 5,55+000
=2.804000 4.,233¢00N0
-3.?900"G 6.”3*"00
-3.!40“00 4.31’000
=3,66#0N0 4 ,R3+00N
=2.714700 3,83+00"
-3.,164000 4.,28+000
=-3.,3840N00 13.,90+000
=3.,8R+000 4 .,404000
=2.68+000 3,42+000
=3,11¢270 3,85+00)0
=3.,4240N0 3.,83+0090
=3.,924000 4,33+000
=2.364000 3.,63+00"
=2.78+N00 4.,04+009
#636

3)

eeosl IMITS, ..
CHI(1)
’9011‘001 2,N2¢00N
=1¢5340N0 3.,64¢N0N
=1.01400N 2,54400N
=1.57+#000 3.,1Nns00N
=1e274¢000 2.,44+000
=1.,35+000 3,02+000
=1.N7+N0O 2,19+00N
=1.58+00n0 2,.,70+00N"
-ldﬁS#ﬂOﬂ 2.07’”00
=2.12+000 2.,£44000
-1.15¢000 1.89+0090
=1.63407N0 2,27+009
-1.60400N0 2,Nn1+00N
=2.17+000 2.,58+000
=8.57-001 2.12+000
-133+000 2594000

PHI(W)
’l.6q*000 3.“0000
=2.18+4000 4,20400
=1.71#000 3.24400
=2.164000 3,69+00
=2.004000 13,17+00
=2.,4T7+000 3,64400
=1.71+000 2.83¢00
=2.124000 3,26400
=2:264000 2,79¢00
=2 724000 3,74400
-1.754+000 2.49+00
=2.13+4000 ?2,87+00
=2.314000 2,72+¢00
=2.774000 3.18+400
'1.650000 2.71’00
-1.82+000 3,09400
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